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A number of protozoal, bacterial, and viral infections contracted in pregnancy may give rise to foetal damage which becomes manifest either by abortion, stillbirth, a chronic sublethal infection recognizable after birth, or by teratogenic effect.
The exact nature of the risk of foetal damage following infection is hard to assess except in the case of rubella. This relationship was first noted by Gregg (1941) and later by Swan (1944) , who drew attention to malformation of the eyes and hearing-organs after maternal rubella in the first trimester. The detailed prospective studies of Lundstr6m (1952, 1962) in Sweden and Manson et al. (1960) in England provided the necessary data for evaluation of this risk. Apart from a slightly higher incidence of stillbirths and infant deaths, the main effects noted were cataracts, deafness, and congenital heart disease, particularly patent ductus arteriosus, microcephaly, and coexistent mental retardation. These defects, occurring either singly or in combination, are referred to collectively as the rubella syndrome. In Lundstrdm's series 1,146 pregnant women exposed to rubella were studied. The incidence of the rubella syndrome was 11%, 11%, and 8% for each of the first three months respectively, with an overall incidence of 10% for the first trimester. The figures of Manson et al. for the same stages of pregnancy were 15.6, 19.7, and 13 .0%, and an overall figure of 15.8% for the first trimester. The figures for the second trimester from these two series were 0.9 % and 2.6 % respectively. Other prospective studies quoted by Lundstrbm (1962) have shown wide variation and generally higher figures. However, in the light of present knowledge figures of Lundstrom and Manson et al. have received general acceptance, and there is general agreement that the highest incidence is in the first trimester.
The teratogenic effect of rubella on the human foetus is the reason for studying this otherwise mild infectious disease. The recent discovery, by several groups in North America, that the virus could be grown in cell culture opened up a new approach to the study of rubella and of the mechanism producing foetal damage. The first point studied was the serological status of children with the rubella syndrome. It was shown by Plotkin et al. (1963) that 8 out of 11 such children aged 5 months to 10 years had neutralizing antibody titres to rubella virus-six in high titre, two in titres of 4-and three children had no demonstrable antibody. The question that naturally arose from these findings was whether this antibody represented residual maternal antibody or whether it was actively produced. There seemed to be no reason why maternal antibody should persist for a longer period in rubella than in any other virus disease in which antibody passively transferred across the placenta disappears during the first six months of life. These results suggested, therefore, that antibody had been actively produced and that the foetus exposed to rubellavirus antigen in utero is not rendered immunologically tolerant. These sera were tested for neutralizing antibody by means of the interference-inhibition test in vervet-monkey-kidney cells as described by Parkman et al. (1962 
Material and Methods
The cases under investigation were divided into two main groups. Group A: the rubella group; children with the rubella syndrome and children exposed to intrauterine rubella infection. Group B: the control group.
Group A: The Rubella Group Series 1.-This consisted of 14 children with the rubella syndrome, whose ages ranged from 4 months to 10 years, from whom a single sample of serum was collected. Five of these children were included in our previous report on the rubella syndrome (Plotkin et al., 1963) .
Series II.-From each of 17 children with the rubella syndrome and their mothers serum specimens were obtained concurrently. In this group the diagnosis of rubella syndrome was checked with the hospital records. A history of maternal rubella was forthcoming in every case; contact rubella infection with a member of the family was reported in seven cases; none of the mothers was given gamma-globulin after exposure.
Series III.-These six children were exposed to maternal rubella in the first trimester, but were without clinical evidence of rubella syndrome when examined at 6 months of age. Fig. 1B ). By the fifth day virus-infected cultures showed many foci consisting of cells with large collections of granular eosinophilic material i-n the cytoplasm (see Fig. 1C ). By the seventh or eighth day those focal areas had extended, cell necrosis was advanced, and gaps had appeared in the cell sheet.
By the tenth day about 50% of the cell sheet had disappeared. Cytopathic changes seldom progressed to complete disintegration of the cell sheet. These changes were inhibited by the immune rubella antisera prepared against the two strains.
Rubella Syndrome
Group A-Series I
The neutralizing antibody titres on 14 children with rubella syndrome are shown in pattern and are similar to the cases of rubella syndrome in our first series (Plotkin et al., 1963 child; in seven the child's titre was higher than in the mother. One child (S.K.) was seen on two occasions. The first at 2 months when he was admitted for ligation of a patent ductus and the second at 15 months when he attended for a follow-up; on this second occasion blood was collected from the mother as well. All three specimens were titrated on the same day and it can be seen that there has been no diminution, even a twofold increase during this period. Two children had no detectable antibody. One child who was reported to be deaf (T.P., aged 5 months) had no detectable antibody and further investigation is required. A second child (Y.G., aged 6 months) had no antibody and the mother had a titre of 4, so this Group B-Controls Series IV.-The results of the cord bloods and the random sera from non-rubella-syndrome children are shown in Table   TABLE V Series V.-The results on the random sera from hospital admissions other than the rubella syndrome show a progressive decline in inherited rubella antibody during the first year of life. These are shown in Fig. 2 , and for comparison the titres of the cord bloods (Group B) and rubella syndrome sera (Group A-Series I and II) are also shown. The difference is striking.
In the random series aged 1 month to 2 years, nine sera were devoid of antibody, and the remainder, other than two from infants aged 1 month, had low levels of antibody of 4 to 8. It is only in the group aged 5-12 years that children with higher levels of antibody were encountered.
Discussion
At the beginning of these studies the question was asked, "Are children born after intrauterine rubella infection capable of producing antibodies to the virus, or are they immunologically paralysed owing to early contact with the antigen ? " In our previous paper it was shown that they do produce antibodies (Plotkin et al., 1963) . Indeed, rather than being immunologically paralysed, most of the children in this present series were at least as good antibody-producers as their mothers, and in some cases even better.
The next question posed was, Are the antibodies produced by the intrauterine stimulus or are they acquired in the usual way subsequent to rubella infection after birth ? The serological determinations reported here show that children with rubella An alternative explanation is that the virus persists in the foetus until the development of immunological competence later in ontogenesis. Credence is lent to this possibility by the observations of several workers that rubella virus can in fact be recovered from an aborted foetus long after the maternal infection-in one case 18 weeks after the maternal illness and in the 24th week of pregnancy (Porterfield, 1964, personal communication) .
On the other hand, present thinking concerning the development of immunological competence in man emphasizes the considerable abilities of the human foetus rather than its specific deficiencies. As Smith and Eitzman (1964) point out, "immunity, like all developmental processes, must not be measured to adult norms. At each stage of ontogeny the mechanisms which have evolved should be judged by their appropriateness in dealing with the threats to survival peculiar to the epoch rather than those of full maturity."
Unquestionably, infants during the first two months of life respond relatively poorly to some antigens (Osborn et al., 1952; Plotkin et al., 1959) , but definite serological responses to perinatal virus infections, though not comparable to those occurring later in life, have been demonstrated in premature and full-term infants infected with a number of enteroviruses (Plotkin et al., 1959; Eichenwald and Kotsevalov, 1960; Steigman and Lipton, 1960; Pagano et al., 1962) . Infants infected with Escherichia coli (Stulberg et al., 1956 ) as well as those given salmonella vaccines (Smith and Eitzman, 1964) or diphtheria toxoid (Dancis et al., 1953) may also produce antibodies.
Much less is known, of course, concerning immunological competence before birth. Although plasma cells, the producers of 7S gamma-globulin, are absent in the normal infant before 6 weeks of age (Bridges et al., 1959) , they have been demonstrated in an infected foetus as early as 41 months of gestation (Benirschke and Bourne, 1958) . Silverstein and Lukes (1962) found plasma cells in foetuses aborted at 29 weeks of gestation after infection with Toxoplasma or Treponema. They allude to earlier pathological studies showing that inflammatory response to syphilitic infection does not occur before 5 months of gestation. In an important experimental study Silverstein et al. (1963) observed the serological responses of foetal lambs to a variety of inoculated substances and found what they called a " hierarchy " of antigens. The youngest foetus tested, which had developed to 66-70 days of a 150-day gestation, responded to some of the inoculated antigens. For example, during foetal life the lamb produced antibodies very well to ferritin, less well to ovalbumin, and not at all to diphtheria toxoid. In addition, Eichenwald and Shinefield (1963) have identified foetal toxoplasma antibody in the 19S fraction of foetal serum as early as the 28th week of gestation. These antibodies were presumably not of maternal origin because 19S globulin cannot normally cross the placenta. Uhr and Finkelstein (1963) have shown that in guinea-pigs antigenic stimuli resulting in 19S antibody do not cause persistence of antibody, but rather that immunological memory develops only when 7S antibodies are stimulated. It is possible that in order to produce persistent antibodies the rubella virus must multiply in the foetus until the ability to produce 7S antibodies develops.
Thus, from all these data and our own with respect to rubella it appears that, as yet, no lower limit can be set to the immuno- (Ebert and DeLanney, 1960; Billingham, 1964) . The best established examples of tolerance in the human are to its own tissues and in twins who are chimeras with respect to blood-cell antigens (Woodruff and Lennox, 1959) . Partial tolerance has also been found in infants grafted with their mother's skin and in infants given exchange transfusions and then grafted with skin from the blood-donors (Woodruff, 1957; Peer, 1957; Fowler et al., 1960) . Tolerance to viruses, however, appears difficult to obtain. The only well-founded instance seems to be that of lymphocytic choriomeningitis injected into newborn mice (Traub, 1960; Weigand and Hotchin, 1961) . In the human premature and full-term newborn infant infection with attenuated poliovirus fails to produce tolerance even when no antibody is stimulated and reinfection later in life has resulted in a normal serological response (Pagano et al., 1960 (Pagano et al., , 1962 .
The lack of tolerance in rubella syndrome cases can be explained on the grounds that the antigen is subcellular. It would appear difficult, however, to reconcile these findings with the clonal selection theory of immunity (Burnet, 1959) , unless the invasion of rubella virus is thought insufficient to remove all cells capable of producing rubella antibody.
Summary
Serological tests are reported on 31 children with congenital defects following maternal rubella in the first trimester. Neutralizing antibodies were titrated in the RK-13 transformed line of cells, which was found to be a more convenient system of measuring antibody than by the interference-inhibition test in vervet cells. It was found that children with the rubella syndrome have neutralizing antibody consistently higher than their normal cohorts. Of the 31 children, 25 were aged 6 months to 10 years, and of these only three were seronegative. Tests were also carried out on 17 of these patients and their mothers; fifteen of these had antibody levels ranging from 64 to 256 in both mother and child; in seven the child's titre was higher than in the mother. Of the six children born aft maternal rubella but with no gross abnormalities, four showed similar titres to the group with congenital defects. It is concluded that intrauterine infection with rubella virus does Rubella Syndrome-Dudgeon ed.
BRNTS not lead to immunological tolerance but is followed by persistence of virus, with subsequent development of active immunity probably by the foetus or early in post-natal life. These findings suggest that as yet the lower limit for immunological competence on the part of the foetus has yet to be determined.
